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ABSTRACT

The CHITRAN program computes the Chi-square statistic for testing
the hypothesis that a random sample is from a normal population. Also
given are the degrees of freedom for the Chi-square statistic, a bar
chart (frequency distribution), the mean, standard deviation, range,
maximum, and the minimum of the observations comprising the sample.
Eleven transformations on the observations are possible before the
calculations are performed. An optional feature, "pooling," allows
the grouping of samples in order to obtain a single Chi-square statistic
for the grouped (pooled) data.

CLITRAN is written in FORTRAN IV for the IBM 7030 (STRETCH)

computer.
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I. INTRODUCTION AND SUMMARY

CHITRAN (Chi-square Test with Transformations) is a program to
statistically compare the agrecment of the distribution of a sample of
observed data with a parent normal distribution having a mean and variance
equal to those of the sample distribution.

The distribution of the observations in the sample is classified
into a number of intervals (mutually exclusive and exhaustive) and the
observed frequency in each interval is then "compared' with the frequency
that would be expected in the same interval if the parent distribution
were normal. Because the observed and expected frequencies seldom agree,
the question is whether the discrepancies are small enough to be considered
as due to chance or are so large that the hypothesis of normality must be
rejected. The statistic used in CHITRAN to make the ''comparison" between
observed and expected frequencies, i.e., to test the hypothesis of

normality is

3 m )2
STy E4-9)"  Gith m-3 degrees of freedom,

=l o,
where
f, is the observed frequency in the jth interval (j=1,2,3,...,m)
®, is the expected frequency in the jth interval
and m is the number of intervals into which the range of the sample

distribution is divided.
The degrees of freedom for the Chi-square statistic are calculated
as m-3 because only the general form of the normal distribution can be
hypothesized, with the mean and variance being estimated from the

observations of the sample. Two degrees of freedom are subtracted from m



because of the estimation of the two parameters and an adaitional
degree of freedom is subtracted because the sum of the expected frequencies
is made equal to the number of observed frequencies.

The symbol %2 is used because, under the hypothesis of normality,
this statistic is only approximately distributed as Chi-square (x2®), with
the degree of approximation depending mainly on the size of the expected
frequencies. Many authors recommend that ¢, should be at least 5 for
each interval in order that the approximation is adequate. (The minimum
number of expected observations in each of the m intervals is an input
parameter in CHITRAN and adjacent intervals are combined until this
minimum requirement is met.) Assuming that the expocted frequency in
each interval is large enough that % is approximately distributed as
%2, the upper tail of the tabled x° distribution can be used as a
critical region to test the hypothesis of normality. Examples of the
test are given in section V.C.

The Chi-square test for normality, accredited to Ku.l Pearson
in 1900 (with contributions by R. A. Fisher in 1924), is often used
even if the the sample is known to be non-normal. For example, physical
considerations may restrict the sample observations to non-negative values,
but the normal distribution may give < sufficient approximation to the
sample distribution over the range of the sample variate. The possibility
of approximating a sample distribution by the nnrmal distribution is
often iivestigated because of the characteristics of the normal curve,
namely a single mode with the frequencies decreasing symmetrically on

both sides of the mode, characteristics which are often found in



physical phenomena. If the normal approximation can be considered
adequate, there is a considerable advantage in that the normal
distribution is relatively easy to handle mathematically because of the
extensive tabulation of the standard normal distribution to be found in
the literature.

The numerical value of the Chi-square statistic (iz), although
serving as a criterion to test the hypothesis of normality (or approximate
normality) dces not indicate the way in which the sample data disagrees
with the normal distribution if the hypothesis is rejected. In CHITRAN,
therefore, a bar chart of the observed frequencies is printed, which
sometimes serves as a visual aid in determining the actual form of the
sample distribution if the hypothesis of normality must be rejected.

The utility of the bar chart as a visual aid in case of a non-normal
distribution can be illustrated by the example problem (section V).
Sunpose it is not known that the twc samples in the example problem

are approximately log-normally distributed. Visual inspection of the
bar charts of the two samples indicates that the distributions are
skewed such that there is a high concentration of small values of the
variate and relatively few large values. 3ince this type of skewress
is characteristic of the log-normal distribution, the bar chart should
lead the analyst to consider the possibility that the parent populations
are distributed log-normally (or approximately log-normally). The
example problem also illustrates the aid of the transformations in
determining the actual form of a non-normal distribution. If, for
example, the hypothesis of normality must be rejected and the bar chart

indicates a skewness of the type described above, the Chi-square test



can then be performed on the logarithms of the original values in an
attempt to confirm the hypothesis that the parent distribution is
actually log-normal.

As many as 500 samples may be processed by CHITRAN with a
maximum of 14,000 observations in each sample. Up to 200 "different"
Chi-square tests may be performed on each sample of data, where each
Chi-square test begins with a different number of intervals, none of
which may exceed 400. The capability of performing more than one
Chi-square test on a sample of data is included in CHITRAN because the
numerical value of the Chi-square stafristic and its degrees of'freedom
are dependent upon the number of intervals into which the sample
distribution is divided. Performing several Chi-square tests, each
with a different number of intervals, helps protect against the
possibility of incorrectly rejecting or incorrectly accepting the
hypothesis of normality on the basis of a single Chi-square test, For
axample, if 10 Chi-square tests (each with a different number of intervals)
were performed on the same sample of data, and the hypothesis of normality
was found to be acceptable in 9 of the tests and rejected in 1, the
multiple testing would minimize the effect of choosing by chance, in a
single Chi-square test, that number of intervals which led to rejection.

An optional feature, "pooling," is incorporated into CHITRAN to
allow the grouping of samples in order to obtain a single Chi-square
statistic for the grouped (pooled) data. This feature ws included in
CHITRAN primarily for use in analysis of variance, where normality of

the residuals in the cells of the classification is essential in the

construction of confidence limits and/or tolerance limits and is also



required for tests of significance. CHITRAN can perform the Chi-square
test only on the pooled sawfle or on the pooled sample and the individuai
samples. (Naturally, the pooled sample option need not be exercised, in
which case the Chi-square test is performed only on the individual
samples.) The upper limit for the total number of observations in

the pooled sample is 1,779,200.

Discussions of the Chi-square test for normality and examples of
its application can be found in much of the literature (see, for example,
Burr [1953] or Wadsworth and Bryan [1960]). A comprehensive discussion
of the test, including its develiopment, application and limitations can
be found in Cochran [1952]. Cochran also discusses alternative tests

and tests which are supplementary to the Chi-square test.

II. COMPUTATIONAL PROCEDURE

The operations described in this section are prrformed for each
sample of data, after the transformation, or transformations, specified
on Card Type 2 (see section III.A.2) have been performed on the n sample
observations. If the pooling option has been exercised, the pooled
sample is formed as follows before the operations are performed. In
each of the samples that are to be pooled, the sample mean is subtracted
from the observations in the sample, i.e., the mean of the kth sample is
subtracted from each ,f the n observations of the kth gample. Thc mean
of each individual sample comprising the pooled sample is, therefcre,
translated to zero. The obsarvations of each sample are then grouped
into a single pooled sample (with mean = 0). The computational
procedure is described in this section for an individual sample but 1is

also valid for the pooled sample except for the following variations.



The minimum number, INTOVP, of expected observations in each interval

of the pooled sample and the number of intervals, INTERP(I), into which
the pooled sample frequency distribution is to be divided need not agree
with INTOV and INTER(I), the corresponding input parameters for the
individual samples. In case of a pooled sample, therefore, the values
of INTOVP and INTERP(I) on Card Type &4 must be substituted for INTOV

and INTER(I), respectively, in the description of the computational
procedure. The only other deviation in procedure for the pooled sample

is, as described later, the calculation of the degrees of freedom.

Z: Xy t (x,-%)3
The mean, 1= _  and the standard deviation, __________“ of the
n
n sample observations are computed and printed.
A frequency distribution of the sample observations is then formed

in the following way. The maximum, x and the minimum, x_,,, , of the

zax?
observations are determined and the range of the sample frequency
distribution is computed as x,,, = X,,,. In order to obtain the iaterval
width, D, the range is divided by the input value of the desired number
of intervals, INTER(X), specified on Card Type 5. The maximum, minimum,
range, and the interval width are printed as output. The upper bounds of
each of the INTER(I) intervals are then computed by adding 1D, 2D, 3D, ---,
j'D, ----, INTER(I)D, respectively, to x,, . The maximum, x,,,, is
thereby determined as the upper bound of the last interval. The upper
bounds are then printed as output
NOTE: j' is used to denote the general interval of the INTER(X)
intervals into which the sample frequency distribution is divided

according to input specifications. j is later used to denote the

general interval of the m intervals that result from the restriction



that a minimum number of expected observations must be in each
interval. The j'th interval may or may not coincide with the
jth interval.
Each observation is then assigned to its proper interval, i.e., to the
"first" interval which has an upper bound that is larger than the obser-
vation. In other words, the observation x, is assigned to the j'th
+ j'D. The number of

interval if x, is 2 x,,_ + (j'-1)D but < x,,

n n

observations in each interval is counted and printed as output under

the heading "FREQUENCY." The count in each interval is printed to the

right of the upper bound of the interval. A bar chart is then printed

in which each observation is represented by an '"X".
NOTE: If the number of observations in any interval exceeds 65,
the number of X's used in the bar chart to represent the obser-
vations is scaled such that only 65 X's are printed for the interval
with the largest observed frequency. This scaling is performed in
order to preserve the relative proportions of the bar chart, which
would otherwise be lost because of printing limitations. The
following method is used when scaling is necessary. The maximum
observed frequency is divided by 65, giving the number of obser-
vations to be represented by each printed X. For example, if the
maximum frequency is 98, each X represents %% = 1.5077 observations
and the statement "X REPRESENTS 1.5077 CBSERVATIONS" is printed

as output. The number of X's to be printed in this case for each



interval is then obtained by dividing the observed frequency in
each interval by 1.5077. The number of X's printed is always

rounded off to the nearest integer.

n

NTov ~ o 1S

After the bar chart has been formed, the quantity
computed, where INTOV (see Card Type 5, columns 6-10) is the minimum
for the expected number of observations to be found in each interval.
If IN%UV - 3 is < 0, the observed frequencies and the bar chart are
printed and the statement '"CHISQUARE COULD NOT BE COMPUTED" is printed.
No attempt is made in this case to compute the Chi-square statistic
because of the joint consequence of (a) the restriction that ¢3, the
expected number of observations in each interval, must be greater than

INTOV and (b) the definition of the degrees of freedom for the Chi-square

statistic as the number of intervals, m (for which &, > INTOV), minus 3.
il

n
INTOV
> 0 and further computations would, therefore, be meaningless.

If the quantity - 3 is < 0, the degrees of freedom could not be

If the quantity —B__ - 3 is > 0, an attempt is made to compute
INTOV

the Chi-square statistic. The expected fre ,uency distribution is formed.
This distribution gives the number of observations that would be expected
in each of the INTER(I) intervals if the sample of n observations was
actually from a parent normal distribution having a mean and standard
deviation equal to those of the sample observations. Under the hypothesis
of normality, the expected frequency (&y ) in each of the INTER(I) intervals
is obtained by multiplying the total number of observations, n, by the
probability that an observation will be in a given interval. The

probabilities are computed by a system subroutine which uses the

standardized normal distribution function,



x2

X) = L e 7,
p(X) /zne

Consequently, the upper bounds in each interval must be standardized by
subtracting the sample mean, X, and dividing by the sample standard
deviation, s. The probability that an observation will be in the first
interval is then

2

1 Ty x2
—_— e © dx,
il

where T, is the smallest standardized upper bound. The probability that
an observation will be in the second interval is obtained by integrating
from T, to T,, where T, is the standardized upper bound of the second
interval. This procedure is continued until probabilities have been
computed for each interval.

Each time an expected frequency, &y', is found for an interval
(@5. = the number of sample observations multiplied by the probability
that an observation is in the j'th interval), the value of §, is tested
to determine if it is < INTOV. If &, 1is < INTOV, the expected frequency
is added to that of the next interval, i.e., the intervals are ''combined."
The procedure is continued, if necessary, until a combined interval does
have an expected frequency > INTOV. The expected frequencies of
succeeding intervals are alsc examined and, if necessary, combined with
the next interval or intervals. Each time an interval (or group of
combined 1intervals) is found to have an expected frequency > INTOV, the

expected frequency for the remaining intervals is examined. If INTOV

or less expected frequencies remain, the remaining intervals are combined



with the preceding interval. In this way m "new'" intervals result from
the original INTER(}) intervals, each of the m intervals having an
expected frequency, ¢, (j=1,2,...,m), greater than INTOV.

A count is then made of the number of sample observations, f,,
that actually fall in each of the m intervals and the contribution cf
each interval to the Chi-square statistic is computed and printed, the

contribution of the jth interval being
Lo o y2
@J(fa'wj) :

The observed and expected number of observations in each of the m
intervals are then printed as output urnder the headings "OBS FR" and
"EXPD FR," respectively.

The quantity m-3, the degrees of freedom, is computed and if
< 0, the statement "CHISQUARE COULD NOT BE COMPUTED' is printed. (In
case of a pooled sample, the number of degrees of freedom is computed as
m=-K-2, where K = the number of samples comprising the pooled sample.)

If the number of degrees of freedom is > 0, the Chi-square
statistic is computed by summing the contributions of each of the m

intervals, i.e.,

~

m A

;‘(E = N (f1 21) .

=1

The value of 3 is printed as output, along with the dcgrees of freedom.

10



III. INPUT PREPARATION

A. Problem Deck Setup

The problem deck is listed below by card type. More than
one card of a given type may be necessary for a specific problem. Two
sets of Card Type 1 to 7 may be processed at one iime, i.e., another

problem deck may be stacked behind the first one.

CARD TYPE 1 - VARIABLE FORMAT CARD

CARD TYPE 2 - INPUT CONTROL CARD

CARD TYPE 3 - POOLED SAMPLE IDENTIFICATION CARD (OPTIONAL)*
CARD TYPE 4 - POOLED SAMPLE CONTROL CARD (OPTIONAL)*

CARD TYPE 5 - SAMPLE CONTROL CARD

CARD TYPE 6 - SAMPLE IDENTIFT CATION CARD**

CARD TYPE 7 - SAMPLE DATA CARD*¥

* Omit if samples are not to be pooled.

** This "pair" of Card Types (6 and 7) comprises the data input for one
sample. (More than one Card Type 7 may be necessary.) These cards may
be input on punched cards or on tape as indicated in column 10 of the

INPUT CONTROL CARD (Card Type 2) .

1. CARD TYPE 1 - VARIABLE FORMAT CARD

Column Format Program Variable Explanation

1-80  10A8 FPRM The format specifications by which
each Card Type 7 (or data input record,
if data is on tape) is to be read.

The format specifications must be
enclosed by parentheses.

11



2. CARD TYPE 2 - INPUT CONTROL CARD

Column Format Program Variable Explanation
1-5 15 N@SAM The aumber of samples for which the
Chi-square test is to be performed.

NPSAM < 500.
10 I1 TAPE 2 - The information on Card Types 6

and 7 is on punched cards.

5 - The informaticn on Card Types 6
and 7 is on magnetic tape.

15 11 GR@UP 0 - Do not pool the samples, i.e.,
per form the Chi-square test(s) only
on the individual sample(s).

1 - Perform the Chi-square tests on
the individual samples and on the
pooled sample.

2 - Perform the Chi-square test on
the pooled sample only. Print the
observations comprising the pooled
sample.

3 - Perform the Chi-square test on the
pooled sample only. Do not print the
observations.

19-20 12 N@TRAN The number of transformations which
are to be performed on all observations
comprising each of the camples. The
Chi-square test is performed on each
transformed set of data. If more than
one transformation is desired, the
input data must be on tape (i.e., if
N@TRAN > 1, then TAPE = 5). X to X
is considered to be a transformation,
therefore, N®TRAN = 1 if the Chi-square
test is to be performed on the original
observations only. 1 < N@TRAN - 11.

12



Card Type 2 (Cont'd)

Column Format Program Variable Explanation

21-25 15 IT(1) An integer designating the first
transformation to be performed on
the observations. See the list of
11 available transforma.ions below
and the corresponding integer to be
entered.

26-30 IS5 IT(2) There are NPTRAN of these entries.
. . If N§TRAN = 2, e.g., the first
s . transformation is specified by an
. . . integer in columns 21 to 25 and the
second by an integer in colummns 26
to 30. The remaining columns are
. . left blank. If only transformation
. . g number 6 (the square root) is desired,
for example, a six is entered in
- . . column 25 and the remaining columns
71-75 15 IT(11) are left blank.

Transformations:

The following integers are used to designate the available

transformations:
1. X «X.
2. X ¢ 1In X.
3. X « In[1n(X)].

4., X « In(1+X).

(%]
<
?

[1+1n(14X) ).

6. X + /X. This transformation is identified as SQRT X in the
printout

1
7. X « X"

8. X « l+l.

X
9. X « sin"'X. This transformation is identified as ARCSIN(X).
10. X ¢« 2 sin"!/X. Identified as 2* ARCSIN(SQRT(X)).

1l. X ¢ sin"!'/X. Identified as ARCSIN(SQRT(X)).

13



3. CARD TYPE 3 - POOLED SAMPLE IDENTIFICATION CARD (OPTIONAL)

This card is omitted if the samples are not pooled, i.e., if

column 15 of Card Type 2 = 0.

Column Format Program Variable Explanation
1-80 10A8 P@PLID Eighty columns to be used for the

identification of the pooled sample.

4. CARD TYPE 4 - POOLED SAMPLE CONTROL CARD (OPTIONAL)

This card is omitted if the samples are not pooled.

Column Format Program Va-iable Explanation

1-5 SR e =i These columns are not read by the
program and may, therefore, be used
for additional identification of the
problem.

6-10 15 INT@VP The minimum for the theoretical
(expected) number of observations
which must be in each of the m
intervals used in calculating the
Chi-square statistic for the pooled
sample. 5 is recommended as a lower
limit for this number.

11-15 I5 NP INTP The number of Chi-square tests to be
per formed on the pooled sample, where
each Chi-square test begins with a
different number of intervals, i.e.,
a different number, INTERP(I). (See
below.) N@INTP < 100.

16-20 I5 INTERP(1) W The number of intervals into which
the range of pooled observations is
21-25 15 INTERP(2) to be divided for the Chi-square tests.

There are N@JINTP of these entries.

I5 INTERP(I) > For example, if three Chi-square tests

are desired on the pooled sample (i.e.,
N@INTP = 3 in column 15), with the range

to be divided into 40, 50 and 60 intervals,
respectively, then 40 must be entered

in columns 19-20, 50 in columns 24-25

and 60 in columns 29-30. The value

of INTERP(I) must be < 400.

76-80 I5 INTERP(13) y

14



If NGINTP > 13 but < 30, continue on an additional Card Type

4 in the following manner:

1-5 I5 INTERP(14)

76-80 I5 INTERP(29)

If NGINTP > 29, continue on additional card(s) in the

same format as the second Card Type 4.

5. CARD TYPE 5 - SAMPLE CONTROL CARD

There are N@SAM (see columns 1-5, Card Type 2) of these
sample control cards, one for each sample of input data. If the number
of samples is greater than 1, the sample control cards are stacked
consecutively and must be in the same order in which the samples are
input on Card Types 6 and 7. If GRIUP = 2 or 3 (column 15, Card Type
2), i.e., if the Chi-square test is to be performed only on the pooled
sample, then only N@BS (columns 1-5) and NPINT = 1 (columm 15) must be
entered on Card Type 5.

Column Format Program Variable Explanation

1-5 15 N@BS The number of observations comprising
the kth sample (assuming this is the
kth sample control card). NgBS < 14,000.

6-10 15 INT@V The minimum for the theoretical (expected)
number of observations which must be in
each of the m intervals used in calculating
the Chi-square statistic for the kth
sample. 5 is recommended as a lower
limit for this number.

15



Card Type 5 (Cont'd)

Column Format Program Variable Explanation
11-15 15 N@ INT The number of Chi-square tests to be

performed on the kth sample, where
each Chi-square test begins with a
different number of intervals, 1i.e.,
a different number, INTER(I). (See
below.) N@GINT < 200.
) The number of intervals into which the
range of the observations of the kth
21-25 15 INTER(2) sample is to be divided for the Chi-
. . square tests. There are NJINT of
these entries.

16-20 I5 INTER(1)

For example, if two Chi-square tests
are desired on the k*h sample (i.e.,
N@INT = 2 in column 15), with the range
i c . to be divided into 10 and 15 intervals,
76-80 15 INTER(13) ) respectively, then 10 must be entered
in columns 19-20 and 15 in columns
24-25. The value of INTER(I) must be
< 400.

I5 INTER(I)

If NGINT > 13 but < 30, continue on an additional Card Type

5 in the following manner:

k-5 I5 INTER(14)

76-80 IS INTER(29)

1f NJINT > 29, continue on additional card(s) in the came

format as described above for the second Card Type 5.

6. CARD TYPE 6 - SAMPLE IDENTIFICATION CARD

"pair" of card

The data input for each sample consists of a
types, the sample identification card {Card Type 6) and the sample data

card or cards (Card Type 7). If there is more than one sample, the pair

16



of card types for sample number 2 follows immediately after those for

sample number 1, additional pairs following for each of the remaining

sawples (if any).

The pairs of card types must be in the same order

as their correspcnding sample control cards (Card Type 5).

Column Format

Program Variable

Explanation

1-80

10A8

7. CARD TYPE 7 - SAMPLE

IDENT

Eight columns to be used for the
identification of the observations
comprising the kth sample. The
observations follow on Card Type 7.

DATA CARD

Column Format

Program Variable

Explanation

1-80

Variable

@BSERV

The numerical values of the
observations comprising the kth
sample. These values must be input
in accordance with the format
specified on Card Type 1 (Variable
Format Card). If more than one

Card Type 7 is necessary for the kth
sample, the data is continued on
succeeding cards.

17



B. Job Request Sheets

1401 REQUEST

RITY CLA hi
PANC-NWL-5230/30 (Rrev. 3.64) UTov t reation
SLECRET SECRLT DCONF. EUNCLASS.

NAME YOENTY NO. BLOG. ROOM TELEPHONT DAYE
R. SHADE A3 1200 A-143 8361 12-19-66
INSTRUCTIONS Vv INSTRUCTIONS

PUYT ATTACHED DECK ON, INPUT PROGRAM

HOLD TAPE # wre «_415%56A . Dmso D7030

DUPLICATE AND COMPARE

LIST TAPE # _
TAPE # ONTO TAPE ¥
TYPE DATA
D703O ouTPUT D 7090 ouTPuT D7030 BINARY UPDATE TAPE # USING TAPE #
AND ATTACHED CARDS,
D?OQO BINARY Domea
COMPILE ATTACHED
PAPER WiLL BE UNL INED UNLESS ANOTHER TYPE SPECIFIED DECKX ON THE 1401, SPS AUTOCODER

OTHER (Continued on reverse)

PUNCH TAPE ¥

D D OPERATOR'S INITIALS DATE AND TIME COMPLETED
3081

CARD FOMMAT: BINARY

A 1401 request sheet is necessary in order to have Card
Types 6 and 7 put on tape. After the data has been put on tape, the
proper tape number must be entcred on the 7030 job request sheet as
shown below. If Card Types 6 and 7 are not on tape but are punched
cards in the problem deck, a scratch tape instead of a specific tape

should be called for on the 7030 job request sheet.

18




= ————e

SECURITY CLASSIFICATION NAME TOENY. KO, |ROCN " TPHONE
O s, [de [glv. | R. snaDE A3 [A-143 1200‘8"61 SETUP A 0F
— — = 08 CARD Job YIT(T )
DCW”L‘ EGO ouT CHARGE CODE 1DENT. JPROGRAMME

EST.COMPILER TIMBEST. EXECUTION TIME] DATE
Dcowuco @Pnon 2! 1{ 5| 8¢ (T A |3 | --------- 1 1 MIN 12-19-66

TAPES CALLED

FOR BY PROBLEM PROGRAM

4156

TAPE NUMBER

FILE PROTECT ON

Yes

PROGRAMME X NUMBER

SPECIAL HANDLING

WAIT FOR TAPES

(Cee attached Inst.)
"HFERATOR®S CCMMENTS

l IABEOJ DHOLD

[:]LOJP

|F CHECKED,
FOR ADDITIONAL COMMENTS,

510E

SEE REVERSE

SPECHAL

INSTRUCTIONS (continued on reverse)

7080 JOB REOUEST PRNC-NwL-5230/29 (REV. 7-63]

The number of the tape containing the data

(o]

n Card Types

6 and 7 must be punched in the IOD deck (for example, 4156 is punched

in place of XXXX on the "REEL, PULXXXX'" card of the IOD deck if Card

Types 6 and 7 are on tape 4156),

1.9
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V. EXAMPLE PROBLEM

A. Description of Example Problem

The example problem consists of two samples, one with 150
observations (sample No. 1) and the other with 125 observations
(sample No. 2). Both samples are approximately log-normally distributed.
(The observations of sample No. 1 are the antilogs of 150 numbers
generated from an approximately normal distribution with mean = 2.50
and standard deviation = 0.30. The observations of sample No. 2 are
the antilogs of 125 numbers generated from an approximately normal
distribution with mean = 2.20 and standard deviation = 0.30.) Samples
No. 1 and 2 should, therefore, appear to be from non-normal parent
populations, but the logarithmically transformed observations of both
samples should appear to have been sampled from normal parent populations.

In the example problem, the Chi-square test was performed on
the original values (X to X transformation) and on the logarithms (X to
ln X transformation) for both sample No. 1 and sample No. 2.

Two sets of intervals (20 and 25) were chosen for sample No.
1, i.e., two Chi-square tests were performed on the original values of
sample No. 1 and two on the logarithms of the original values.

Only one set of intervals (15) was chosen for sample No. 2,
amounting to two Chi-square tests, one on the original values of sample
No. 2 and one on the logarithms.

The option for pooling the two samples was exercised, with
only one set of intervals (40) being chosen for the pooled sample. Two

Chi-square tests were performed, therefore, on the pooled sample, one on

22



the pooled original observations and one on the pooled logarithms of
the original observations. Therefore, a total of 8 Chi-square tests
were performed for the example problem. In each of the 8 tests the
minimum number of expected observations in each interval was specified
as 5.
This example problem was fabricated merely to illustrate
the various features of the CHITRAN program, especially the transformation
option, and is not intended as a guide to the choice of input parameters

for the general problem.

B. Listing of Input Cards for the Example Problem

A listing of the input for the previously described example
problem is given on the following two pages. Because two transformations
(X to X and X to ln X) were specified, it was necessary to put Card

Types 6 and 7 on tape.
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C. Test Results and Example Output

Test Results

The output from the example problem is given here in order
to exhibit a sample of the program output and also to illustrate the
the use of the X°® statistic in testing the hypothesis of normality.

The first Chi-square test performed in the example problem is
per formed on sample No. 1 (with 150 observations). The sample frequency
distribution is divided into 20 intervals, i.e., INTER(1l) = 20 on the
first Card Type 5 of the input deck. The "transformation" used is
X to X. The computed %° statistic for this first test is 30.64 with
12 degrees of freedom. Because X° (12 degrees of freedom) is approximately
distributed as x° (12 degrees of freedom), the upper tail of the tabled
¥ distribution can be used as a critical (rejection) region for testing
the hypothesis of normality. For any given significance level, o, where
a is the probability of rejecting the hypothesis of normality when the
hypothesis is true, the lower bound of the critical region is defined
as that value of ¥° (12 degrees of freedom) for which the probability of
%7 (12 degrees of freedom) being greater than or equal to x° (12 degrees
of freedom) is equal to o. At the o = 0.01 level of significance, for
example, the tabled value of x° (12 degrees of freedom) is 26.22. Testing
at the 1% level of significance, therefore, the critical region is
Y® > 26.22. Since the computed value of %§° (= 30.64) is within the
critical region, the hypothesis of normality must be rejected at this
level of significance. (Rejection of normality is to be expected since

this sample of data is, as mentioned, approximately log normally distributed.)
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As a second example of the application of the X° statistic
in testing the hypothesis of normality and as an illustration of the
effect of the logarithmic transformation, consider the fifth Chi-square
test printed in the output. This Chi-square test uses the same input
parameters as the first test, but the fifth test is performed on the
logarithms of sample No. 1, not on the original values. The fifth test
resulted in a x° value of 15.79 with 12 degrees of freedom. Testing at
the v = .0l significance level, the critical region is, again, ¥° > 26.22.
Since iz is not in the critical region, the hypothesis of normality
cannot be rejected, for this sample, at the .0l level of significance.
(Again, this conclusion is to be expected since the logarithms of the
observations of an approximately log normal distribution should be
approximately normally distributed.) It should be mentioned that
although the number of degrees of freedom (12) calculated for the fifth
test was the same as that calculated for the first test, the degrees of
freedom of ¥* for the transformed observations of a sample do not always
agree with the degrees of freedom for the original observations.

The other six ¥° statistics calculated for the example problem
(and given in the example output) may be tested in a similar manner against
tabled x~ values. The tabled x° distribution is not included in this

report since it can be found in many elementary statistical texts.
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VI. FLOW CHARTS

START

——»{ REWIND DISK

10 |

NOr——-—,
[REWIND TAPE}._JTAP?E 5

CALL SIU'BRGUTINE CHI WITH
THE IG@th TRANSFURMATIGN
FUNCTIGN AS ITS ARGUMENT

’
[READ VARIABLE F@RMAT CARD |
[READ INPUT C#NTR@L CARD |
IPRINT=1
GREUP=GRPUP+1
GROUP=4 | __ YES IPRINT=2
7 GRYUP=3
N¢
IMW£WWI
| 4
GROUP=1| N0 IReAD IDENTIFICATION FGR PGYLED
: SAMPLE
YES *
|READ THE P@PL CONTRGL CARD
‘.—__—_—
1=0 |
READ A SAMPLE CUNTROL CARD j¢——— I=I+1
WRITE THE SAMPLE CONTRUL I=NgSAM NG
CARD @N DISK 10 2
YES
I=0
IG@ IS SET = T¢ THE Ith
| YES | 1-N@TRAN N¢ 41=1+1 | TRANSFURMATI@N NUMBER GIVEN
D — ? @N THE INPUT CUNTRGL CARD.
YES

GRUUP=SAVE

40




START

SET UP THE TDENT F@RMAT T@
SPECIFY THE TRANSF@RMATI@N

WHICH IS BEING HANDLED

REWIND DISK .0 |
REWIND DISK 12

E

v
1GG=1
SUM2P=0.0
JIX=JJX+1 |¢ JJX=0 FN@BSP=0.0
1 IDFF=3
C@MPUTE STANDARD DEVIATI®N | YES | GR@UP=4 NJG=N@SAM
) FgR THE PUGLED SAMPLE ?

READ SAMPLE C@NTR@L CARD
VALUES F@R THE JJxth
SAMPLE FRUM DISK 10

v

NUINT=N@ INT l READ SAMPLE IDENTIF ICATIGN
©NdRE - NARS AND SAMPIE VALIES FRGM THE
SUM=0.0 INPUT S@URCE DEFINED BY
SUM2=0.0 TAPE

-

THIS SAMPLE AND SUM THE
TRANSFGRMED VALUES AS THE
VALUE SUM

TRANSF@RM THE @BSERVATI@NS

@F [
WILL REFER

FURTHER REFERENCE T¢ @BSERVATI@N

@BSERVATI@N

T¢ TRANSFYRMED

C@MPUTE MEAN - THE MEAN @F THE
@BSERVATI@NS @F THIS SAMPLE

C@MPUTE
‘ THE @¢BSERVATIGNS @F THIS SAMPLE

THE STANDARD DEVIATI@N @F

v
1 VALUE ¢F GR@UP

[ S —_—

LVALL’E #F GROUP &

o

3
L

2|3 Ia

L
S5T@

EI
—

STURE THE @¢BSERVATI@NS
WF THIS SAMPLE, WITH
MEAN SUBTRACTED FRGM
EACH @BSERVATI@N, @N
DISK 12

k]

UPDATE VALUES NEEDED

T¢ C@MPUTE THE RANGE, THE
NUMBER F @BSERVATI@NS, AND
THE STANDARD DEVIATI@N @F
THE @BSERVATI¢NS @F THE
PEPLED SAMPLE




C@MPUTE THE RANGE F@R
THIS (P@$SSIBLY P@@LED)
SAMPLE

1=0
_-'___.J

t

I=T+1

INTERV IS SET=INTER(I) IF AN
INDIVIDUAL SAMPLE IS BEING
PRECESSED: EQUAL T¢ INTERP(I)
IF THE P@G@LED SAMPLE IS BEING
PRGCESSED

4

DIVIDE THE RANGE INT@ THE
NUMBER @$F INTERVALS SPECIFIED
BY INTERV. STURE THE UPPER
BJUNDS @F EACH INTERVAL INTQ

NG | 1ax-NDG

YES

VALUE @F GR@UP

li4 2 3

1GG=2

Y

THE STEP ARRAY

v
VALUE @F GRPUP |
112 4 3
_of5mr)
v,

INT@ THE STIP ARRAY

SUBTRACT MEAN FR¢M EACH @F
THE B@UNDS IN THE STEP
ARRAY AND STYRE THE RESULT

RETURN
Tg

CALLING

PROGRAM

Y

GR@UP=4
IDFF=N@SAM+2

NUINT=N@ INTP
INT@V=INT@VP
9

SET UP C@NTR@LS F¢R
THE P@@LED SAMPLE

i__EE‘E STEP ARRAY

C@MPUTE FkREQUENCY DISTRIBUTI@N
F@R THIS SAMPLE C@RRESPUNDING
T@ THE INTERVALS DEFINED BY

FGR THIS x' TEST

PRINT HEADING AND IDENTIFICATI@N
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N@G=1 EEEEEEEEE—




o

CALL SUBR@UTINE TRAN WITH
STIP, IDFF, AND FN@BS IN
THE CALL LINE T¢ CUMPUTE

THE ¥ C@NTRIBUTI@NS, «~
STATISTIC, AND DEGREES @F

t\?

FREEDGM
4

-1 YES
?

Ng

[

CALL SUBR@UTINE PRINT1
T@ PRINT THE @BSERVATI@NS
C@MPRISINS THIS SAMPLE

4

PRINT THE MEAN AND

» STANDARD DEVIATI{N
l FAR THIS SAMPLE
4

PRINT ADDITI@NAL HEADINGS
T¢ IDENTIFY GUTPUT

AND MINIMUM @F THE
@BSERVATI@NS, INTERVAL
WIDTH, AND FREQUENCY
HIST@GRAM

PRINT THE RANGE, MAXIMUM,

4

PRINT x“ AND DEGREES (F FREED@M

I=NUINT Ng

YES

| VALUE gF Group ]

4 ln,z,3

PRINT HEADING AND
IDENTIFICATI@N FGR
THE P@@LED SAMPLE

i

K=0
READ
FROM
DISK 12
|
K=K+1 [
|
|
Y

READ THE @BSERVATI@NS
CUMPRISING THE Kth
SAMPLE INT¢Y MEM@RY
AND TALLY THESE
@BSERVATI@NS INT@ THE
IFREQ ARRAY ELEMENTS
CORRESPENDING T¢Y THE
INTERVALS INT@ WH1CH

THE @BSERVATI@NS BELONG

|

Y
1GG=2,
AND IPRINT-1

Izl, Na

2

-

YES

CALL SUBR@UT INE
PRINT1 T@ PRINT
THE @BSERVATI@NS
C@MPRISING THE

’RETURN
™

CALLINC

PROCRAM

CALIL, SUBRUITL INE TRAN
WITH STEI, IDFF, AND
FN@BSP 1 THE CALL LINEJ

Kth SAMPLE
NG K=N@SAM
?
YES
NG I-1, IPRINT=1,
AND IGG=2?
YES

PRINT P@@LED SAMPLE
IDENTIFICATI@N AND @UTPUT
IDENTIFICATI@PN FGR THE HIST@PGRAM
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rSTEP CONTAINS THE UPPER B@UND
@F THE INTERVALS. SDEV IS THE
STANDARD DEVIATIGN. IDFF IS A

—

FACT¢R USED T¢ COMPUTE THE START
NDEGREES ¢F FREEDgM. @B IS THE
NUMBER ¢F @BSERVATI@NS . F@T-G.0
K@UNT=0.0
CHISUM=0.0 INTM1=INTERV-1le---4 INTERV IS THE
F@=0.0 NUMBER @F
PREBE=0.0 INTERVALS
J=INTERV | _YES _[ PRgBN=1.0

| PROBN IS THE PRUBABILITY OF
ALL THE @BSERVATI@GNS @CCIURRING

IN THE RANGE - = T@ THE UPPER

PRUBN=FREQ(STEP(J) /sm-:m

BGUNDS @F THE Jth INTERVAL.
FREQ IS THE FREQUENCY FUNCTI$N

F@ SUMS THE @BSERVED
FREQUENCIES (#F A CYNTIGU@US
SET ¢F INTERVALS HAVING  f------
MURE THAN INT@YV THE@RETICAL
FREQUENCIES .

-

NC:GB(PRUBN-PRGBGT}

- - | F=IFREQ(J)+FJ |

y

SUM THE T@TAL NUMBER
@F @BSERVATI@UNS WHICH |--# FT=F@T+F@
HAVE BEEN HANDLED

YES

ARE THERE THE@QRETICALLY
M@RE THAN INT@Y ¢BSER-
VATIGNS IN THIS SUBSET
@¢F THE INT@V INTERVALS?

N@
[P

CHI(J)=-1.0

| COMPUTE REMA IN-THE THE@RETICAL
| NUMBER @F @BSERVATI@NS IN THE
|(J-1), J, ..., INTERV INTERVALS
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- -

1)

&
IS THE THE@RETICAL F¢ IS SET=T¢ ITS CURRENT
IN THE J, J+1, ce ey INTERV RENAININC aBSERVATIaNS,
INTERVALS > INT@V? i.e., PLUS (@8 -FgT)

lYES ‘

CHI(INTERV) -(F@-REMAIN)*

CHI(J)=(Fg-FgC)* REMA IN
F@C ¥
Y I@BFR ( INTERV) =F¢
| CHISUM=CHISUM+CHI(J)] CMPFR(INTERV) =REMA IN
J HERE IS THE SUB-
SCRIPT @F THE LAST ---{ I¢BFR(J)—»FE]
OF A SET GF INTER- CHISUM=CHISUM+CHI( INTERV) |
| VALS HAVING M@RE
THAN INT@V THE@RET- [CMPFR(J):FGQ i
4 g -»{ KJUNT=K@UNT+1
| ) l JJ=J
K@UNT CYJUNTS THE
NUMBER §F C@NTIG- F@ IS SET - 0 T¢ i
UQ@US SETS @F INTER-||SUM THE @BSERVED YES |JJ=INTERV?
VALS HAVING M@RE FREQUENCIES F@R
THAN INT@V THEY- THE NEXT SET @F
RETICAL @BSERVA - INTERVALS Ng
TIQNS . '
I SET CHI(J)=-1.0 F@R
J=JJ, JJ+1, ..., INTMI
PRUB@ IS SET EQUAL TO PRUBN T¢
DEFINE THE L@WER BYUND PRUBABILITY
| USED IN CUMPUTING THE THE@RETICAL
o NUMBER (F ¢BSERVATI@UNS F@R THE
NEXT SET @)F INTERVALS
’ L___ e e o o
‘ —
L_-. M ]y mmev|_ YES  IDEGREES §F FREEDGM (IDF)
? - K@UNT - IDFF
RETURN
¢
CALLING
PROGRAM
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VII. PROGRAM LISTING

'

T SUBTYPEF 10D
8 20 10D+ $READER
B 30 10D, $PRINTER
B8 =19) IODWTAPE ¢y 4 ¢« s+EVEN 4 SAVE
B REEL «PLL
B 128 [DOD«DISK 4442899
B8 108 [ODDISKeee101
END
T SUBTYPE s FORTRAN LMAPWPRBIN
C CHITRAN-CHI SQUARF TF&T WITH TRAENGFODRMAT]IONC,

COMMON MAX MINJOBSERQV(140N0) NOBSSTIRPIA4N0IIFRFQ (401 ) 4sSDEV1DF
COMMON CHS (A00)YCHISUY,,I0BFR(4NT )Y CMPFR (40C)
COMMON INTOV FNOBS G INTER (11n2)FOGRARPH (65)4<TER(A0C ) +TARE 4 | 5C
COMMON NOJORS FORM(10)4PO0OLIC(10)40BSERP {14000+ INTZRP(100)
COMMON NOBSA (S07) 4 INTOVR G NOINTP (GROURP 4 INTERVIPRINT «Q
DIMENSION IT(12)
FQUIVALENCE (NOSAMNOUCES)
INTEGER TAPE ¢GROURPSAVE«Q
EXTERNAL Tl eT2¢T340T44TS5aTOITT7T4TBeTI4TI0eT1
39 REWIND 10
C READ VARIABLE FORMAT CARD,THIS FCRMAT S USED TO READ THE COBSERVATIONS
READ 400 FORM
anNn FORMAT (1 7A8)
Q=0
READ 10N ¢NOSAM TAPF (GROUPWNOTRAN G (I T (I Ye12] ¢ NOTRAN)
10 FORMAT(1615)
[IF(GRCUP«GT43)STOP
IPRINT=1
GROURP=GROUP+]
[IF (GROUP eGT el s ANDeNOSAMsEQ.1 )GROUP =1
IF(GROUP S LE«3)GO TO 98
IPRINT=?
GROUP=3
98 SAVEAGROUR
IF(GROURPL,FQ L1 )1GC TO 201
C DEAD ID Fune THY POOLED DATA,
RFAS &4nrhyB800L 1D
C QREAD PODL CNTROL CARD,
REAT 1714 INTOVP(NOINTE ¢ ( INTESP (L) «L=21«NOINTP)
171 FORMAT(SX 4 1S5IS5/((1HA15)))
271 DO 270 I=1+NOJOERS
T DRFAD CONTROL CARDS FOR EACH <aAMPLE,
READ 110G «NOBSWINTOVeNOINY ¢ L INTER(L)YWL=1«NOINT)
NOB<A (] )=NOBS
277 WRITF(1NINORS INTOV(NOINT(INTER (K )4<=z] NOINT)
DO AC7" 1=1 4NOTRAN
IGO=1T (1)
GFRQOUP=SAVF
GO TO(l 42 4 204 eT AR sT A 241 741 1YW IGO
1 CALL JHT (T
GO TC 2=
2 CALL CHI (T2
GO T¢ 757
I CALL CHT (T
GO TQ 28"
4 CTALL THI(T4)
GOl W=
= FALL =1 (TS
a0 TA e

A£CALL Tl (TA)

Le



10

11
250

251
ann

GO TO 250

CALL CHI(T7)
GO T0O 250

CALL CHI(T8)
GO TO 250

CALL CHI (T9)
GO T) 250

CALL CHI(TIO)
GO TO 250

CALL CHI(TI1)
IF(TAPE=-2)25143004251

REWIND TAPE

CONTINUE
GO 10 99

END

SUBTYPE + FORTRANLMAPPBIN

SUBROUT INE CHI (TFUNC)

COMMON MAX ¢MIN OBSERV(14000)NOBSSTIP(400)sIFREQ(401)+SDEV]IDF
COMMON CHS (400) ¢CHISUMIOBFR (400 «CMPFR (400)

COMMON

INTOVFNOBSINTER(100) FGRAPH (65)¢STEP(4C0)+TAPEICGO

COMMON NOJOBS FORM(10)+POOLID(i0)OBSERP(14000)+ INTERP(100)
COMMON NOBSA (S00) s INTOVR NOINTR,GROUP ¢ INTERVIIPRINT.Q

DIMENSION TDFENT (6)4TADD(11')4sTADD2(!1)

DIMENSION IDENT(10)

EQUIVALENCE

INTEGER TAPE GROUP4Q

DATA TDENT (1) (BHTRANSFOR)
DATA TDENT(2) (BHMATION X)
DATA TDENT(3)(8H TO )
DATA(TADD (I)el®1all)(BHX,
THLN(1+LN( ¢BHSQART (X) e s8H1 /X

2HARCSIN( )

104

103
106

105
107

1702

1’\ﬁ

DATA(TADD2 (1)el=1.11)(8BH
18H1+X))e ¢B8H o BH
2BHSQRT (X)) )

DATA PLUS (AH, )

IF(1GO-10)1034108,4103

TDENT (5)=BOOL (TADD2(3))

GO TE e

IF(1GO=-11)105410641C5

TDENT (4)=BOOL (PLUS)

GO TO 107

TDENT (6)=BONM_(TADD2(1))

TDENT (4)=BOOL (TADD(1GO))

TDEN™(5)=BOOL (TADD2(1GO) )

1GG=}

REWIND 10

REWIND 17

NOG ZNO I YFE

SEUL ISR

FMOREDZ S, 7

1DF ~ - 2

PO 1771 JU¥X=1 (NO&

GO T» ":3,\0~A.,~'O|,-""“\.\‘\DF‘UF

(BLANK , TADD2 (1)) o IXXX s TADD(1}))
REAL MEANGMAXMINMAXP MNP, [FREQ, IOBFR

+ BHLN X

$BHLN(LN(IX) eBHLN(1+X)e¢8

o BHI/Z(14X) e e BHARCSIN (X «BH2%AFCSINGSG

8+
«8H

BHY . +8H4 "
18H) . BHISQRT (X ) o

READ (I TOINCH " ( INTOUNOINT g « TNTER (1 )el=1«NOINT)

FOQMAT (11T S
DEAN (TACE | ")y Ty
FODMAT (17 AT

REAC(TATE .7 ~pw 0 ooyt



C COMPUTE STANDARD DEVIATION OF THE OBSERVATIONS
NUINT=NOINT
FNORS=NOB8S
SUM=0,0
suUM2=0.0
DO 3 1=1,4N0OBS
OBSFRV (1)=TFUNC (OBSERV (1))
3 gUM =SUM +0BSERVI(])
MEAN=SUM/FNOBS
‘DO 4 1=1,NOBS
OBSERP (] y=ORSERV (] )=-MEAN
4 SUM2=SUMZ2+0BSERP(1)#0BSERP (1)
SDEV=SQRT (SUM2/ (FNOBS=14))
CALL MAXMIN(OBSERVNOBSMAX MIN)
GO TO(202420342034220)+GROUP
203 IF(JUXeGTe!l)GO TO 208
MAXP=MAX~-MF AN
MINP=MIN-MEAN
GO T)Y 209
208 MAXP=AMAX] (MAXP ¢MAX-MEAN)
MINP=AMIN] (MINP MIN~-ME AN
209 SUM2P=cUM2P+]UM?2
FNOBSP=FNOBSP+FNOBS
WRITFEF(12)(ORSERRP(]1)s1=14NOBS)
GO TO(2204¢202410014220)+GROUP
224 MAX=MAXP
MIN=M]NP
MEAN=0.0
SDEV=SQRT (SUM2P / (FNOBSP-FLOAT (NOJOBS)))
202 RANGE=MAX=-MIN
DO 1000 1=14NUINT
IF (GROUP L Te4)GO TO 198
INTERV=INTERP (1)
GO TO 199
198 INTERV=INTER (1)
199 FNTFDV=INTERY
DFLTA=RANGF /JFNTFRYV
STEPL {1 )y=MIN+DELTA
IFEZQ(1)=0eC
IFREQ(INTERV41)=0.0
0 S JU=2INTERV
IFREQ(J)Y=0e0
S STEP(JUHY=STER (U=-1)+DELTA
STEP(INTERV)Y=MAX
GO TOI(2054205¢220¢206)+GROUP
205 DO K2C1 L=14INTERV
A201 STIP(L)I=STEP(L)=-MEAN
DO A K=1,NOBS
JJ= (OBRERV(K)-MIN)/DELTA
6 IFREQIJIJI+1I=IFREQ(IJI+]1)I41 .0
[FRECIINTFRYYN=IFREQ(INTERV)I+IFREQ(INTERV+1)
Q=0 +1
PRINT | 341DENT
PRIMNT T GeNTRS, INTERV TDENT
T ECRNVAT AN CUIARE TERT ¢ 1445H WITH 1681 7H OBSERVATIONS AND 15,1
[IH INT I OVAL T4 20R 84 4AR)
CALL “COM(STIP,IDFF (FNORR)

e

[F (] «1y27,00,727
na faL PRINTI (Jux
2T ODIMNT 1, IDENT
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13 FORPMAT (1H14+10A8)

PRINT 7+04NOBS+INTERV ¢ TDENT
GO TO 97
206 PRINT 13,.POOLID
Q=0+1
PRINT 77:Q+FNOBSP,INTERV TDENT
77 FORMAT (16HOCHI SQUARE TEST14¢5H WITHFB8e0¢24H POOLED OBZ IRVATIONS
1 ANDJISe1iH INTERVALSes2AR A4 ,43A8)
REWIND 12
DO 268 K=1.NOJOBS
NOBS=NOBSA (K)
READ(12) (OBSERV (L) ¢L=1¢NOBS)
GO TO (444,445)IPRINT
444 IF (1eEQel1esANDe1GGeEQs2)CALL PRINT] (K)
445 DO 66 IFG=1,NOBS
JJ= (OBSERV(IFG)=MIN)/DELTA
66 IFREQ(JJ+1)=IFREQ(JJI+1)+1¢0
168 CONTINUE
IFREQ(INTERV )= IFREQ (INTERV)+IFREQ( INTERV+1)
IF(1eGTe1)GO TO 207
GO TO (4424207)¢IPRINT
442 GO TO (207¢8447),41GG
447 PRINT 13,P00LID
PRINT 77:Q¢FNOBSP s INTERV ¢ TDENT
207 CALL TRAN(STEPR.I1DFF (FNOBSP)
97 PRINT 884 INTOV.INTERV
B8 FORMAT( 61H THE DEGREES OF FREEDOM WAS COMPUTED ON THE BASIS OF AT
1 LEASTIS.40H OBSERVATIONS IN EACH OF A SUBSEY OF THEISs11H INTERV
2ALSe)
PRINT 30+MEAN,SDEVY
30 FORM\T (6HOMEAN=S, E14,8¢23H ¢eeSTANDARD DEVIATION= E14,8)
PRINT BsRANGE MAX MINGDELTA
8 FORMAT (BHORANGE =,E15,8412H MAXIMUM =.E15¢84¢12H MIVIMUM 2,E1S,

18413H  INTERVAL WICTH =,01%.8)
PRINT 888

888 FORMAT (42HO UPPER BOUND FREQUENCY BAR CHART 50X +35HCHI SO
1U CONTR 0Bs FR THEO FR)

CALL MAXMIN(IFREQ.INTERV ¢xXAM4SCALE)
IF(XAMeGCTa65e0)GO TO 91
SCALE=140
GO TO 92

91 SCALE=XAM/65,0

Q2 DO 3 K=1,4INTERV
IFGRPH=TFREN (K)/SCALE+.5S
IF(IFGRPHLE.0)GO TO 12

11 DO 10 1FG=1,1FGRPH
17" FGRAPH (IFG)=XXX

IFGRPH=IFGRPH+1
IF (IFGRPH=66)20233,42035,2035
2033 DO 2027 IFG=1FGRPH,65
2027 FGRAPH (IFG)=BLANK
2135 IF(CHS(K))20404204142041
2040 PRINT 2029+STERP (K )4 IFREQ(K) FGRAPH
GO TO ©
2741 PRINT 20294STERP(K) 4 IFREQ (K ) ¢FGRAPH,CHS(K) ¢ IOBFR(K) ¢CMPFR (K)
2N20 FORMAT (2XeF 1504 92XeFTe008Xo1HIs65A1 01X eFB8e30¢1XeF100102XeF10.3)
9 CONTINUE
PRINT 604 ,SCALE
604 FORMAT (13HOX REPRESENTSF10e4414H ORSERVATIONS )
IF(IDF)27a842048+2049
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CEO 0.0 O O Or Y OO 6y 6 -

2048 PRINT 2050
2050 FORMAT (35SHL. CHISQUARE COULD NOT BE COMPUTEDe)
GO TO 1000
2049 PRIN® 2039¢CHISUM, IDF
2039 FORMAT (12HOCHISQUARE =,F1606¢5H WITHe14,20H DEGREES OF FREETOM,)
1000 CONTINUE

GO TO(100141001410014221)4GROUP
1901 CONTINUE
GO TO(221¢22342224221) «GROUP
222 1GG=2
223 GROUP=4
IDFF=NOJOBS+2
NOG=1
NUINT=NOINTP
INTOV=INTOVP
GO TO 1002
220 STOP
221 RETURN
END
SUBTYPE ¢ FORTRANLMAPPBIN
SUBROUTINE TRAN(STEP,I1DFF,0B)
THIS SUSROUTINE FITS A NORMAL CURVE WITH MEAN ZERO AND STANDARD
DEVIATION SDEV TO THE DATA IN IFREQ WHERE THE UPPER BOUND OF EACH
INTERVAL IS IN THE CORRESPONDING ENTRY IN STEP(1)e oB 1S THE TOTAL
NUMBER OF OBSERVATIONS,THE ROUTINE GROUPS THE DATA SO THAT THERE ARE
AT LEAST INTOV THEORETICAL VALUES PER INTERVAL AND THEN COMPUTES THE
FHISQLARE STATISTIC(CHISUM) TO GIVFE AN ESTIMATION OF THE GOODNES3 OF
FITeON EXIT FROM THE ROUTINE . IDF CONTAINS THE NUMBER OF DEGREES JF
FROEEDOMLCHI (J)==1 IF THE JUTH INTERVAL WAS NOT THE LAST OF A GROL>,
OTHERWISE IT CONTAINS (OBSERVED FREQUENCY-THEORETICAL FREQUENCY) ®#2
DIVIDED BY THEORETICAL FREQUENCY.
10BFR(J) IS +sON EXITeTHE OBSERVED FREQUENCYsIF THE JTH INTERVAL WAS
THE LAST OF A GROUPOTHERWISE ITS CONTENTS ARE MEANINGLESSLIKEWISE,
CMPFR(J) CONTAINS THE THEORETICAL FREQUENCIES.
COMMON MAX ¢MIN,OBSERV (14000)NOBS«STIP(400)¢IFREQ(401)¢SDEV,IDF
COMMON CHI (400) ¢CHISUM, 10BFR(400) «CMPFR(400)
COMMON INTOVFNOBS,INTER(100)+FGRAPH(6S)¢STARP(400)TAPEIGO
COMMON NOJUOBS+FORM(10)+POOLID(10)0BSERP(14000)0INTERP(100)
COMMON NOBSA (S520) s INTOVR (NOINTPGROUP . INTERV . IPRINT
CIMEMSION STEP(400)
TEAL MAX«MINGIFREQ.10BFR
FNTOV=INTOV
FOT=12e0
OQUNT=0
CHISUM=040
PROBO=0e0
FO=0e0
INTMI=INTERV =1
3 DO 10 J=14INTERY
IF(JsNESINTERVIGO TO 1
900@&':] .’3
GO TO 2
1 PROBN=FREQISTER(J)/SDEV)
? FOC=0R% (PRORN=PRORN)
FO=IFREQ(J)+FO
IF(FOC=-FNTOV)Ya 44,5
4 CHI(J)==160
GO TO 10
S FOT=FOT+FO
REMAIN=0B#%# (] ,0=PROBO)
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IF(OB#(1¢0=-PROBN)=FNTOV)6¢64¢9

6 FO=FO+ (0B=FOT)
FOMRE=FO- REMAIN
CHI ( INTERV ) sFOMRE #F OMRE /REMAIN
10BFR (INTERV)=FO
CMPFR (INTERV)I=REMAIN
CHISUM=CHISUM+CHI (INTERV)
KOUNT=KOUNT+1
JJ=J
GO TO 12

9 FOMFOC=FO=FOC

CHI1 (J)=FOMFOC#FOMFOC/FOC
CHISUM=CHISUM+CHI (V)
I0BFR(J)=FO
CMPFR (J)=FOC
KOUNT=KOUNT+1
FO=060
PRORO=PROBN
10 CONTINUE
GO TO 17
12 IF(JJ=-INTM1)14,14,17
14 DO 16 J=JJeINTM]
16 CHI(J)==140
17 IDOF=KOUNT=1DFF
RETURN
END
CUBTYPE FORTRANGLMARPPBIN
SUBROUTINE MAXMIN (A KqAMAX ¢ AMIN)
DIMENSION A(14000)
AMAX=A (1)
AMIN=A (1)
DO 900 [=2¢K
IF (AMAX=A(1))1¢5¢5
1 AMAX=A (1)
GO TO 900
3 IF(AMIN=A(1))900:900+3
3 AMIN=A(I)
0 CONTINUE
220 RETUGON
END
SUBTYPE ¢ FORTRAN LMAPPBIN
SUBROUTINE PRINT] (K)
COMMON MAX MIN,OBSERV(14000)NOBS,STIP(400)¢IFREQ(401)¢SDEV,IDF
COMMON CHS (800)+CHISUM,IOBFR (400) «CMPFR (400)
COMMON INTOVFNOBS,INTER(100)FGRAPH (65)¢STEP(400)«TAPE.1GO
COMMON NOJORBS FORM(10)¢POOLIC(10)OBSERP(14000)¢INTERP(100)
COMMON NOBSA (S00) ¢ INTOVP {NOINTPsGROUP ¢ INTERV s IPRINT
PRINT ©1,K
91 FORMAT (aaHNA LISTING OF THE CBSERVATIONS IN SAMPLE NOel14,9H FOLLOW
1Se/1H0)
LC=2
98 DO 92 LL=1¢NO8BS.P
LC=LC+1
KM=|_LL+7
IF(NIST-KM)A1 495,95
41 KM=N)OF=
A8 PRINT O2,1.Ce (OBSERV (1 )sL zLL ¢KM)
93 FOQMLT (1H +15,2H) «SE15.8)
92 CONTINUE
RETUPRN
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END
SUBTYPEWFORTRANLMAP+PBIN
FUNCTION T1! (X)
Tl=X
RETURN
END
SUBTYPE FORTRAN,LMAP,PBIN
FUNCTION T2(X)
T2=41.0G (X)
RETURN
END
CURTYPE FORTRAN LMAP(PBIN
FUNCTION T3(X)
T3=ALOG (ALOG (X))
RE TURN
END
SUBTYPEFORTRANZLMAP PBIN
FUNCTION Ta(X)
TA=ALOG (104X}
RETURN
END
SUBTYPE.FORTRANLMAPPBIN
FUNCTION TS5 (Xx)
TS2ALO0G (1e04+ALOG (1 e O+X})
RETURN
END
SUSTYPRE FORTRAN,,LMAP,,PBIN
FUNC™ION T6(X)
TE=SQRT (X))
RETURN
END
SUBTYPEFORTRANGILMAPPBIN
FUNCTION T7(X)
T7=1.0/X%
RETURN
END
SUBTYPEFORTRANWLMAPPBIN
FUNCTION TB(X)
TB=1e0/11,04+%)
RETURN
END
QUBTYPRE «FORTRANZLMAPPBIN
FUNCTION T9(Xx)
TO=ATAN(X/SORT (1 « D=X#X))
RETURN
END
SUBTYPE«FORTRANLMARP+PBIN
FUNCTION T10(X)
TIOX24 O%ATAN(SQRT (XY /SQRT(1+40=X))
RETUPN
END
SUBTVYPE FORTRAN L MAP 4PBIN
FUMCTION T11t1 (%)
TII2ATAN(SORT (X ) /S0RT(1eN=X))
RETURN
END
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